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ABSTRACT 

Prisogastcr Morch, 1S50, is the sole genus of the turbinid sub- 
famiK' Prisogasterinae Hickman and McLean, 1990, and is rep¬ 
resented h\ only one extant species, the \vesU*rn South Ameri¬ 
can P. nigrr ood, 1828). T^^'o new fossil species from south¬ 
ern Peni {P. ralcnciai new' species and P. mcleani new species) 
extend the record of Prisogastcr to the middle late Miocene 
and re\'eal its turbinine ancestn. A major moiphological trans¬ 
formation duiing the late Pliocene produced tlie modern taxon, 
which is heaxier and more streamlined than its Mio-Pliocene 
forebears, and thus probabK better suited to the higher energx 
eiwiromnents that charactenze the present-day Peruvian and 
Chilean coastline. 


INTRODUCTION 

Prisogastcr Morch, 1850, lias riglitly lieeii called ‘"eing- 
matic” b\' Hickman and McLean (1990) in their study of 
trochoiclean sv'stematies. The genus has onI\^ one species, 
the extant Prisogastcr niger (^^Mocl, 1828), a gastropod 
with a sturdx' puqile-black shell and calcareous opercu- 
luin. The species is endemic to xvestern South America 
and has a fossil record not older tlian the middle Pleis¬ 
tocene [llerin, 1969; not late Pliocene (Hickman and 
McLean, 1990)]. Individuals oi Prisogastcr live amongst 
w’ax'e-battered intertidal rocks and tide pools (\larin- 
coxich, 1973; Guzman et al., 1998), niches more hpically 
occupied bx' trochids than turbinids (Hickman and 
McLean, 1990). Its peiplexing suite of characters has 
led Prisogastcr to be placed in Phasianellinae Sxxnin- 
son, 1840 (Thiele, 1929; MVnz, 1938), Turbininae 
Piiifinesque, 1815 (Knight et al., 1960), and, most re¬ 
cently, Prisogasterinae (Hickman and McLean, 1990). 

This paper describes txvo nexv fossil species of Priso¬ 
gastcr irom southern Pent, P. stucchii nexv species and F. 
Valencia! nexv species. Specimens of tlie former xxvre 
found near Sacaco in middle upper Miocene and loxver 
Pliocene xx-ell-sorted cross-bedded sandstones. Speci- 


^ Maihng address: Box 1306L Burton. \\v\ 98013 LISA 


mens of the latter xx-ere encountered farther south near 
Chala in upper loxxv^r l^liocene or upper Pliocene bio- 
clastic grax'cls. These nexv taxa demonstrate a dramatic 
shilt in moiphology and niche of the lixlng species, P. 
niger, from its Mio-Pliocene predecessor. 

GEOLOGY 

The Neogene stratigrapliy of forearc basin ckqiosits be- 
txx^een Pisco and Camana (Figure 1) xxns rexiexx'cd bv 
De\Ties (1998). Upper Miocene and Pliocene marine 
strata of tlie Pisco and La Planchada formations include 
fine-grained tuffaceous and diatomaeeous santlstone, 
xxlucli are attributed to outer shelf eiixlronments, and 
coarse-grained massix^e tuffaceous sandstone from closer 
to shore (Muizon and DeWies, 1985). Lyriig disconform- 
ably on cn^stalline basement rocks are cross-bedded and 
lenticular bioelastic conglomerates, remnants of littoral 



Figure 1, Location of the Pisco forearc l)asin in southern 
Peru. Nexv fossil species oi' Prisogastcr lire from Cenozoic de¬ 
posits near Sacaco and Chala. 
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de]:)()sits that lapped onto pre-Eoeeiie erosional p\id- 
forms or against precipitt)iis Andean foothills, An excel¬ 
lent example of the latter is seen southeast of (4iala, 
where the Panainerican High\va\' descends in tight 
Clines towards the beach at Plava Hiiacllaco (Eigurc 2). 
Se\*enE' meters of sediment (Figure 3) were de]:)osited in 
high-energ\^ foreshore and intertidal enxironnients that 
once Hanked mgged cliffs (De\Ties, 2003). The age of 
the Iluacllaco beds is constrained b\ liasal beds with 
specimens of Ccmrholepas nodosa lliijie, 1854, Aran- 
tliina than^nlaris DeX'ries, 2003, and Hcnnincsplna 
nurabihs (Moiicke, 1896), which collec'tiveh^ indicati^ an 
earlv late Pliocene age (DeViies and I'rassiiif'tti, 2003), 
and the Li]:)])ermost and oldest ol se\eral inariiK^ terraces, 
whose 200 ni elevation and largedv extant taxa suggi'st a 
latest Pliocene age (Miii/on and OeNhaes, 1985). 


MATERIALS AND MITIIODS 

Specimens described in this stud\ were found by tlie 
author. (Jomjiaratix e material w’as studied at tlie Eos An¬ 



geles (California) (Muntv Museum oi Natural Histoiw 
(LACM). Localit) and sample descrijrtions are listial in 
the appendix. "DV" locality numbers refer to the authoEs 
field notes. Eengtlis (L) and ^^idths (W) are measured in 
millimeters, Dimensions of bioken specimens are en¬ 
closed 1))’ ]:)arentheses. Eigureil specimens \'iewed from 
ol)li(|ue angles ina} be listed with a “maximum Mewed 
widtli” {m.y. width) measured at right angles to the cixis. 
Some figured specimens are coated with ammonium 
chloiide. TNpes and numbered specinums are deposited 
at the D(‘]:)artamento de Paleontologfa de Vertebrados, 
Museo de Ilistoria Natural, Universidad de San Marcos, 
in Luna, I^nai (MEhSM INA^ and Unh'crsih'of MMslhng- 
ton's Burke Museum of Natural Iliston^ and (ailture in 
Seattle, MAshington (UM BM ). 

SYSTEMATICS 


Eamih' Turbinidae Ralinesque, 1815 

Sublamih Prisogasterinae Hickman and McLean, 1990 



Figure 2. T\pc’ localitii's oi Pristx^nsfrr lalcncuii new s])ecies (localit\-sain]')Ios D\" 125t-H;Ll 6, Bal S. and Bal 10^ and P stncchii 
new spt-cios l)\’ 571-1 ). Also sliossii arc lowca liiocciH' locjiIiU-samples near Yanca (DN B)20-L 1)\ 162,5-1, I )\ 460-1, 1)\' 150S-I) 
and Saeaeo D\ ,3S() 2. 1)\’ 573-1 ) with P aa7fY/n/ and an PliocsMiiMowen* lieisloeone marine Icrrace sondieasl of (4iala witli 

P a/grr I )\ 1620-1). 
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Section above 
Playa Huacllaco 



(Teims Priso^asicr Miiroli, 1S5() 

.\}nif\a P. II. rrosclu"!, 1S52 (objc'cthe SMioinin) 

Type species: Tnrho ni^rr 1828. T\pe loc^ality 

not specili 0(1. 

Discussion: Miirch (lS5t), p. 21) did not dc*scribo 
Pr}s()^as(ci\ hnt siinpl\^ applied tlio now gonns iiaiiu' 
witlioiit (.'onnjuait to Tniih) ni^cr Caav (= Turbo uigcr 
WckkL 1828). its(‘l( introdnood witli onK' a drawing and 
ono-word do.s(‘nptioii. “l)Iaok'’(\\'o(xl, 1828, yt. 18). Hick- 
man and Mol.,oan (191)0) implicitly defint'd Prisogusicr 
l)y tluar dosoription ol Frisogastcainae. Diagnostic non- 
anatomical cliaraotors inclndo an iiK‘omploto juaistonK^ 
(also pr(\sont in 'rnrbininacO and an opta-culnm witli a 
“tliick, c’onvt'X c'xtorior c-aloaroons pad’ (llic'kman and 
MoLcxin, 1990, p. 52). Otlua- dislingnisliing sluil cliarac- 
toi's inclndod the Idaok color ol tlio outer slioll kner, an 
ol)li(|no aptainro, tlio ahsenoo ol an nmliilicns in adult 
spocimons, a prodominaiKx* of spiral sculpture, and an 
inma' nacaxaius la\'(a'. New iossil data sliow^ that tlie black 
color is not diagnostic ol tlio entire genus. Tlu' moipliol- 
og\ of the oporcnlmn is distinc‘ti\‘e lor the sublamil\' and 
genus, however, as is tlie (juadripaitite structure of the 
columella deserilxHl in this paper. 

Prisogastcr iiigcr (Wood, 1828) 

(Figures 4-10, 13, 14) 

Turin) a/g('r W^kkI, 1828, p. 18, pi. 6, lig. I; dOrliigny, ] S4(), 5: 

il 1^112, vol. 9 (Molliisca), pi. 55^ figs. 9-11.^ 

Turbo uigor (irav, 1839, p. 143, pi. 36, [ig. 1; lliijie, 1854, [). 
140. 

Turbo (Prisogasicr) iiigcr Wood.—liall, 1909, p. 238. 
Prisogastrr uiger Wood.—Morcli, 1850, p. 21; Carcelles and 
Williamson, 1951, p. 268; Dell, 1971, p. 197; Maiiiicoxicli, 
1973, p. 24, fig. 41; Osoiio et al., 1979, p. IS, fig. 15; 
tlainirez, 1981, p. 130, fig. 154; Alamo and \4ildi\ieso, 
1997, p. 15, fig. 30; Guzman et al., 1998, p. 37, lig. 27; 
Forcclli, 2000, p. 64, fig. 102; Aldcxi and \5ildo\inos, 2005, 
p. 390, lig. 841. 

PrisogastiU' nigrr uiinor Miircli, 1850, y. 21. 

Trociius gauihchaiufu llnpi', 1854, p. 146, Malacologia, pi. 4, 
figs. 4, 4a, 4b. 

Di iignosis: Spiral cords and int(a'spaces puipk'-blac'k. 
Whorls sliglith angulate anterioriv. Spiral .seulptnrt' of 13 
to 24 priman' spiral cords, inelnding six to ivn cords on 
ba.s{\ 


" .^4 Cobbles [ 

Pebbly sandstone ^ 



Polychaete colony 
Coquina 


Massi\ e sandstone 
Bioclaslic rippled sandstone 
Bioclastic crosshedded sandstone 
Igneous basement 


Figure 3. Huacllaco section southeast ol Chala with strati¬ 
graphic position of txpe specimens oi' P raienciai new speci(^s 
and other horiz(ms with Prlsogastcr mateiial. 


Description: Shell thiek, np to 30 mm lung, globose, 
x'ariabK eomprt^ssed axialK’. Spire xariably elevattxl, 
about oiie-(|nart(‘r to one-tliird ol sliell length, l^rotte 
e(mcli mikiiown; teleoconcli with about live wliorls. 
W lioiis broadK romided posttaiorKx \xut w^eakK' angn- 
lat(' or biaiigulate anttuiorb-, periphtu')- anterioi to icxial 
midpoint of both wliorl. Snliinxs usnallv appressed, 
sonudimes slightly iiiipn'ssed. Ixxterior pniplt'-black, 
spire* \lsnall^ corrod(*d, nacreous. Axial senlptiire abs(mt. 
S])iral .senl|>tnre of 13 to 24 priman spiral cords, inclm.!- 
ing six to ten on base; cord widths van' in\*gn]arK' txvo- 
fold. \lost post(*rior sj^iral cord wider. Hatter, hnining 
collar against preceding wliorl. lnteispac(*s narrower 
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Figures 4-15. Priso^dstcr spp. 4-10. Priso^^astcr nig^vr {\\oocl, 1S2S\ 4. I \\ IL\I 9TS29, Pisco Bav, Kccent, aOapci-tiiral 
length = PS.4 nirn. 5. BM 97S30, Pisco Baw Recent, ol^liqiie hasal-ajx'rtural \ie\v, m. w width = 15.7 inin. (>. MUSM IX\" 116, 
r)\" 1629-L latest Pliocene, obli( jiie hasal-apeitiiral view showing (jiiadnpartite structure ol coliiinella, in. v. width - 17.9 inin. a = 
inner white coluinn, b = medial iiac'reous band, c = outer white sinuous lidge, d = outermost (dougate exc^av ation. i = iuuer naci'eous 
layer, ii = middle shell lav'er, iii = outer piiiple-black calcitic layer. 7. IA\4LM 97S29, basal view, width = 19.1 mm. 8. lAMLM 97837, 
D\^ 1629-1, operculum, inteiior view, length = S.9 mm. 9. U\\ BM 97837, ojierculum, exterior view. 10. BM 97828, OV 398-1, 
Recent, apertural view showing outer layer and inner nacreous layer on body wliorl, length - 18.3 mm. 11, 12. Prisog^asicr niclcani 
new spcaies. Ivarly Pliocene. J J. U\\4AI 97848, 1)\'573-1. opeiculum, inteiior vi('vv\ length = 8.7 mm. 12. 1^\\ BM 97848, exterior 
view. 1.3, 14. /V/.s-og<'/s7cr n/gc/-(^^’ood, 1828). 1.3. U\\4L\1 97831, D\^ 461-1, latest Pliocene, basal view, m.v . widtli 18.9 mm. 14. 
LWTiM 97831, al)apertural view, Ungth = 16.3 mm. 15. Priso^astcr valoiciai new sjxxies. Late Pliocene. I \\ BM 97838, holotvpe, 
D\’ 1254-BaI S, ajiertural view, width = 15.9 mm. 


tlian spiral cords, shallow, soiiHiiines cross(aI byslrouglv' 
prosocliiK* colabral growlh-liiu* lanudhuy Apcrtiir(* ob- 
licpie, diagonally ovate, with ii)eonipl(4e jxuistonue Uui- 
Ihlicus al).seiit in jiiv(miles and adults. Outer lip thick, 
strongly jvrosochiny vvitli weak iulleciiou posleriorlv and 


salient acljaecuit to siitiirc'; inner edge sinoolli, nacreous. 
Parietal and nnibilieal areas vvyxiklv cweav^attal, naereons: 
sonuiiines with weak anal canal without sinus. Ca)linnella 
w ith innerino.st whit(' (,'olninn muling anterioilv at slighl 
mlk ‘ction near eolnineliar l>ase; nuHliallv'w ith sliglillv e\- 
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Ciuatod, ciinccl, nacrc^oiis baiul alongsicU' iimerniost col¬ 
umn, narrowing ant(aiorK, then hroacliahng at base of 
aperture to join nacreous iiintn* la\er ol outer lip: also 
with weakl\- sinuous wiiite ridge outboard of naeix'ons 
band, extending to base of apertun* and eoaleseing with 
interspace between second and third basal spiral cord to 
form a blunt tooth: first tooth separated Iroin second 
blnnt tootli abaxialh by short groo\ c‘ inside aperture; and 
with shallow, white, (4ongat(' c’\ca\ ation bordering ridge 
at outer margin of columellar area. 

Ol’KRC lU.rM: Pixterior eoiwex, steepen* posteriorK and 
ackixiallv: l)asal rim smooth, remainder of surface pustu- 
lose, morc‘ so peiipheralb' than cenitrallw 4\vo subaxialK 
elongate, adaxialK-anteriorly coinerging creases on 
adaxial side of diagonal bulge, inmn* crease e.xtending to 
al)axia} posterior corner; sinuous growlli lines present on 
abaxial side. Inteiior nearK’planar, eoihal, changing from 
miiltispiral to paiicispiral; all coils with long growing 
edge. Snbsurlace texture reticulate with elongate' “ceils” 
peipendicular to gre)wi:h line's. 

Matenal Examined: MUSM 113, DV461-1, lat¬ 
est Pliocene, L 13.6, W 15.6; MUSM IXV 114, DV 464- 
1. middle Pleistocene, L 22.S, \V 22.0; MUSM IXV 115, 
DV 463-1, late' Pleistocene, 1. (21.7), \V 25.7; MUSM 
IXV 116, D\' 1629-1, latest Pliexvne, L 15.3, W 17.9; 
MUSM IXV 117, DV 1629-1, L 12.7, W 14.1: UWBM 

97S2S, D\^ 39S-1, Recemt, L 1S.3, \V 17.4; VWBM 

97S29, Pisco Bay, Becent, L 1S.4, \V 19.1: UWBM 

97S3(), Pisco Bay, Becent, L 14.6, W 15.1; UWBM 

97S31, D\ 461-1, L 16.3. M 1S.5: UWB.M 97S32, DV 
464-1, L 21.0, W 21.6; UWBM 97833, DV 463-1, L 
(23.5), 27.0; UWBM 97834, D\^ 720-1, Holocene, 

operculum, L 5.1, 4.4; UWBM 97835, D\^ 1629-1, L 

16.0, W 19.1; lAVBM 97836, D\’ 1629-U L 13.5, W 14.2; 
UWBM 97837. DV 1629-1, operculum, L 8.9, W 7.1. 
DeWies collection: Ipnn, Chile, Becent, lot ol one; 
Caldera region, northeim Clhle, Irom eight meters deep 
on sand and rocks, Becent, lot of t\yo; D\' 461-1, lot of 
two: D\' 463-1, lot of .six; DV 720-1, lot of hyeh e; D\^ 
730-1, Holocene, lot of one and one operculum; D\^ 
1252-1, latest Pliocene, lot of 3. 

Disti*iBiition; Ecuador (7°X) to northern Peru: 
LAC.M collections, Becent. Xorth-central Peru: Ho¬ 
locene, Recent. Southern Pern: latest Pliocene, earh 
Pleistocene, middle Pleistocene. lat(' Pleistoc('ne, Re¬ 
cent. Chile: middle Pleistocene to Pweent (Herm, 1969: 
\^aldo\inos, 1999 k 

Remarks; Modem specimens of Piisogastcr niger \’aiv 
in the number of spiral cords and height of the spire. The 
oldest specimens of P. niger from southern Peni ha\e 
oiiK* 13 to 15 piimaiT spiral chords betw ('en tlie columella 
and suture (e.g.. Figures 13. 14), about as few^ as the 
youngest specimen of the older P. valcnciaL Specimens 
of F. niger differ frf)m those of P. valcnciai by lacking any 
\ estige of cream-colored banding of cords or interspaces. 

The modern range of Prisogastcr iiiger extends from 
7^ X to 41° S (EACM collections) and beyond to the 


Straits of Magellan (Osorio et ak, 1979: NAldoyinos, 
1999), a distribution more extenshe than ascribed to the 
sp(vies by Dali (1909) or Alamo and Valdhieso (1997). 
The l^leistocene record is limited to sonthc'rn Peru and 
Ciiilc', with no rt'cords from the* maiine Uiblazos ol north¬ 
ern Peni (DeWies, 1986). The late Pliocx'ue record is 
still more restricti\ e, with only semthern Pe'nuian speci¬ 
mens known, including the oldest, wiiich were found 
sonthc'ast of Chala ( D\^ 1629-1) in the uppermost co- 
({uina (Unit I\ ) of the Huacllaco section (Figure 3), a 
shell bed dominated Iw thick disarticnlated yaK es of the 
bi\'ahx', MiiUnia cdiilis (King, 1831). 

A second modern species assigned to Prisogastcr has 
Ixxm the Chik'an P. elevafus (FaxIoux and So\ile\et, 
1852) (Soulewt, 1852, w 2, p. 594, pi. 37, figs. 15-19; 
Nicosia and Caete, 2003). The original figures oD^Tiirbo 
(P^rafiisP howx‘\er, sh(wy a specimen with a blotcln* 
purple-black color, elexated spire, absence of spiral 
sc'ulpture, \va\y growth lines, and exoiily conxex calcar¬ 
eous operculum xisibh’ coiled on both sides, all features 
characteristic of Tricolia Risso, 1826 (Hickman and 
McLean, 1990), more partieularh^ the Chilean Tricolia 
mcleani Maiinccnich, 1973. Xeither the 14 mm Ic'ngth of 
Ikydonx and Sonlex et’s '‘Turbo cIcuafiisT how ewer, nor 
the deep lunate columellar/paiicTal exeaxation, is char- 
acteiistic of Chilean Tricolia. but rather suggest the Chil¬ 
ean trochid, Dilonia nigcrrinia (Cmelin, 1791). The ge¬ 
neric assignment of "Turbo clcraius' remains in doubt. 

Prisogastcr lalcnciai nexv spc'cies 
(Figures 15-19, 22) 

Diagnosis: Compressed axiallx’; sculpture of fix*e to 14 
l)roadlx^ rounded charcoal-gray piimaiy spiral cords, in¬ 
cluding txx^o to four on the base: one or more interspaces 
cream-colored. 

Description: Shell less than 15 mm long, globose, 
compressed axiallx'. Tlhckness indcrterininate (inner sliell 
laxers missing). Spire moderatelx* elexnted, lengtli inde¬ 
terminate' (much of spire missing). Protoconch and c^arlx 
xx liorls ol teleoconch unknoxxii. \Miorls broadix' rounded 
posteriorlx\ xxeaklx angiilate anteriorly. tVriplien' usuallx' 
anterior to axial inidpoint ol xxForl. Sutures slightlx' im¬ 
pressed. Exterior gray to black, xxith interspace's some¬ 
times cn'am-colort'd. Axial sculpture al)sent. Spiral 
scnlptun' of fix e to 14 broadly rounded primaiy* cords, 
three to 10 posteiior to l)ase, two to lour on ba.se; spiral 
cords about equalhwxide except for broader, flatter, most 
posterior spiral cord forming loxx^ collar adjacent to su¬ 
ture. Interspaces usuallx’ narroxxx'r tlian .spiral cords, 
sometimes lilled xyith single secondan spiial cord. 
Stronglx’ prosocline groxxih lines, sometimes lamellate. 
Aperture obli(|iie, diagonally ovate. Outer lip strongly 
prosocline. Columella and umbilical area missing. Oper- 
cuhim unknoxxTi. 

T\pe Matenal: VWBW 97838, D\^ 1254-Bal 8, holo- 
txpe, late Pliocene, L (13.3), 15.9; UWB.M 97839, 

paratxp'. DV 1254-Bal 6, L (13.8), 15.5: MUSM 1X\ 
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ns, parat\'ix\ 1)\' 1254-Hal 8, IVagnieiil: MISSM 1\\ 

119, paral\pi% DV 1254-Bal 10, IVagnuMit. 

4Spc Localilv: Hoadent aleiig tlie Panaineric'an Iligli- 
waN, 10 km sontlieasl of C'hala. Loca!it\-sainples DV 
1254-BaI 6, DV 1254 Bal-S, 1)\’ 1254-BaI 10, late 
Plieeene, in section at 35, 42, and 47.5 meters, respee- 
ti\ely, aI)o\c' enstalline basement (Figmc's 2, 3), 15°52' 
S, 74° 10' (Cduila 1;10(),0()0 quadrangle). 

Olliei’ Material Examined: I \\ BM 97S40, I)\ 
103M, late early Pliocene, L (12.2), W' 13.0. 

Dislriliiition: Southern Pern: late earl\ l^lioceiu^ to 
late Pliocene. 

EtMnology: Xamial in honor of lir. Xiels Nkih'ii- 
cia Chacon, director ol the Miisi^i de IJistoria Natural, 
Cnixersidad Xacional Maxor de San Marcos, Lima, 
Peni. 

Iteinarks; The incomplete specimens of Priso^aslcr 
vaicnciai preclude a compk'te description, but the shapia 
size, and spiral seulpture elearlx’ mark them as exam¬ 
ples oi'Friso^astcr. These speeinuais differ from F. ni^cr 
by liaxing one or more cream-colored intca'spaces and 
generallx fexxer and more deailx differentiated pri- 
maiy spiral cords. The oldest knoxxii specimen ol F. 
vaicnciai is from the Pliocene section alioxe Plaxa 
Iluacllaco (Unit II, DV 1254-Bal 6); it lias sexeral broad 
dark spiral cords alternating xxith cream-coloixxl bands 
that sometimes encompass a spiral cord and interspace 
i Figures IS, 22). A .specimen IVom sexeral kilometers 
axvav (D\^ 1031-1) has x’en fexx- spiral cords, all grax , and 
equallx xxide interspaces, all cream-colored (Figures 16, 
17, 19'). 

Most specimens of Pmegrrsicr vaicnciai xxvre found in 
Unit 11 and the loxxer part of Unit III of the Iluacllaco 
section ( D\^ 1254; Figure 3) in cobblx l)aruacle-rich bio- 
clastic grax el and poorly sorted coarse-grained sandstone 
thought to haxe been deposited iiitertidallx or at x’en 
slialloxx sulitidal depths. Associated molluscan t;ixa ii^- 
clude Acanthina Sjq'): Concliolcpas spp.; Clioroniijtiln.s 
chonis (Molina. 1782); and a nexx^ species iA XanthocIfo¬ 
nts Fischer. 1884 (DeX’nes. 20()5a). 


Fii.so^^asfcr niclcani now spc^cies 
(Figilivs 11, 12, 20, 21, 23-32) 

Diagno.sis: (dobostx xxhorls broadlx rounded anteri¬ 
orly and posteriorly; tan-colored, often mottled, striped, 
or speckled xxith broxx'u. 

Descriplioii: S1k* 11 globose, about 20 mm long. Spire 
moderatelx^ to greatlx elexaled, about 30% to 40% of 
shell length. Pn^tocoiich unknown, telc'oconch xxilh 
about lixe xx horls. N\ horls conx ex, broadlx roumk^d ]:)os- 
teriorlx and antenorlx’, xxitlioiit anterior angulations. Su¬ 
tures xariably impn^ssecl. lUxterior tan, often xxath mot¬ 
tling, prosocline llamiimles, or zig-zag pattei'us of broxx'u. 
Axial sculpture absimt. Spiral si ulpturi^ of ten to 15 
I'ouiuFd primaiv spiral cords betxxwn suture and um¬ 
bilical area, subdutal on smooth specimens; secondan’ 
spiral c'ords rarelx' interspersed. Entire surface often xx ith 
tertian’ spiral threads. Interspaces x aiiahly xxide, crosscal 
by strongly prosocline, colabral groxxth-liu(^ lamellae, [n- 
xenik'S xxith three xveaker spiral cords on base, four to 
fixe priman spiral cords on xxiioii. .\perture oblique, 
ox ate to nearlx' circular, peristome incomplete. Umbili¬ 
cus alisr'nt. Outer lip thin, strough jirosociine, inner edge 
smooth. Paiit'tal and umbilical areas xxeakly excax ated in 
adults. Cohum'lla xxith imua- xxFite column cuning aii- 
teiioiiy; xxith a uarroxx , sliglitlx’ excax ated, nacri^ous band 
UKn’ging antc'iiorlx xxith nacre-lined aperture; xxith a 
xxiiiti^ ridge, slightlx sinuous, outboard ol tlie nac'reoiis 
band, extending to liase of aperture and coalescing xxith 
interspace betxxeen si'coiid and third liasal spiral cords, 
xxitli one or txxx) slioit teeth abaxial; and xxith an outei- 
most, narroxv, xxiiite, exeaxation bordering the ridge at 
the outer margin ol the columellar area, extending ante- 
lioiix just oxx*r half the length of colunuila. 

OPlilU'ULUN!: Exterior conx ex, steeper posterioiix’ ami 
adaxiallx'; basal lim smooth, remainder ol suiiace pustn- 
lose, more so peiiplierallx’ than centrallx’. Txxo snb-axiallx' 
elongate, anteiioiiy conx erging creases on adaxial side of 
diagonal bulge, inner crease extending to abaxial poste¬ 
rior corner; sinuous groxx th lines present on aliaxial side*. 
Interior neaiix^ planar, coiled, multispiral changing to 
paueispiral; all coils xx ith long groxxing c^dge. Larger coils 
xxath cemtered shalloxx% broad, llat-bottomed channel. 
Subsurhice texture reticulate xxitli elongate “cells*' per¬ 
pendicular to groxx th lines. 


Figures 16-32. Prisogasfrr spp. f 6-19. Frisogasicr vaicnciai nexv species. Late l4ioc‘ene. 16. IA\ BM 97840, D\" 1031-], eaiix late 
Pliocene, oblique spire xiexx, xxiclth = 13.0 mm. 17. I \\ BM 97S40. apertm'al xiexxx 18. LAA'BM 97839, paratxpe, ]254-BaI 6, 
abapertural fragment, m. v. xxitltli = 12.7 mm. 19. U^^TM 97840, oblique basal-apertiiral xiexx’, m. x . xxiclth = 12.4 mm. 20, 21. 
Piiso^astcr tncleani nexx-species. 20. ML SM IN\’ 121, D\' 1598-1, eaiix l4ioLvne, oblique spire xiew'showing change' in color pattern 
and repmred break, m. \ . xxidth = 124 mm. 21. Ml S.\t IW 121, apertnral xiexx’ sliowing naticid dnllhole to left of columella, xxiclth 
= 11.5 mm. 22. Fnso^jcistcr vaicnciai nexv species. Late* Plicjcene. LA\ BM 97839, ohlicjue basal xiexx’, m. x . width ^ 12.7 mm. 23-32. 
Piiso^astcr niclcani nexv .species. 23. IA\ B.M 97841, DV 571-1. holotxpe, middle late* .Miocene, apertnral xiexx shoxxing c[uadnpartite 
.structure of columella 'see text!, length = 13.9 mm. 24. LM BM 97842, D\' 571-1, paratxpe, aljapertural xiexv, length = 21.1 mm. 
25. Ml^SM 1\\'120, DV 1598-1. ap('rtural xiexv shoxxing (|iiaclnpartite columella and prosocline color stiipes, length = 12.4 inm. 26. 
UM’BM 97841, oblique spire xiexv, m. x. xxiclth = 16.5 mm. 27. LA\ BM 97842. abapertural xiexx . 28. LA\ ILM 97844. DV 1598 ]. 
abapeitural xiexv of juvenile shmxing bicaiinate xxiioiis and colabral groxvth-line lamc'llae, k*ngth = 9.4 mm. 29. Ml SM I\A’ 124, D\ 
573-1. Ciu-ly Pliocene, abapertural xiexx shoxxing flecked stiipes, length = 12.7 mm. 30. Ml SM I\A' 125, li\ 571-1, abapertural xiexv 
shoxxing broxxii zig-zag patteni. length = 17.8 mm. 3). IA\ BM 97843. oblique spire xic^xv, m \ . xxidth = 19.7 mm. 32. IA\ B.M 97843. 
apertnral xiexv. length = 17.9 mm. 
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Type Material: UWBM 97841, DV 571-1, liolotype, 
middle late Miocene, L 13.9, W 15.4; UWBM 97842,^ 
571-1, parat)pe, middle late Miocene, L 21.1, W (18.5); 
UW^BM 97843, DV 571-1, paratype, L 17.9, W 19.5. 

Type Locality: Alto Grande, about one km south of 
intersection ^\ith abandoned pa\’ed road to San juan de 
Marcona (= El Jahuay locality of Muizon and De\4'ies, 
1985). Sliell banks on south-facing slope, 15‘'26'57" S, 
74°52'06" (Acari 1:100,000 quadrangle). 

Material Exanuned: MUSM INV 120, DV 1598-1, L 
12.4, W 12.1; MUSM INV 121, DV 1598-1, L 11.1, ^V 
11.5; MUSM INV 122, DV 1635-1, early Pliocene, L 9.4, 
W 11.0; MUSM INV 123, DV 460-1, lot of t\yo; MUSM 
1N\^ 124, DV 573-1, L 12.7, W 14.5; MUSM INV 125, 
DV 571-1, L 17.8, W 16.0; lAVBM 97844, D\^ 1598-1, 
eaiK Pliocene, L 9.4, W 8.2; UV4LM 97845, D\' 1598-1, 
L 12.1, W 12.7; UWBM 97846, DV 460-1, early 
Pliocene, L 8.9, W 10.3; UVTM 97847, D\^ 573-1, early 
Pliocene, L 12.0, W 13.0; UWBM 97S4S, DV 573-1, 
operculum, L 8.7, W 7.8. DeVries collection: D\' 1598-1, 
lot of four; D\^ 423-3, middle Pliocene, lot of hvo; D\'' 
1029-1, early Pliocene, lot of two; DV 806-1, late Mio¬ 
cene, lot of one; D\^ 380-2, early Pliocene, lot of one. 

Distribution: Southern Peru: middle late Miocene, 
earl)^ Pliocene. 

Etymology’: Named after James 11. xMcLean, mala- 
cologist. Natural Ilistfny Museum of Los Angeles County. 

Remarks: Specimens of Prisogastcr stucclui differ 
from those of P. uigcr by being uncompressed axially, by 
haring an outer calcitic layer that is tan, sometimes \rith 
browai mottling and prosocline axial stripes, and b\ hav¬ 
ing spiral cords that are uairower aiid Iiigher, with 
broader interspaces. The complex structure of the col¬ 
umella, however, is identical with that of F. nigci\ as is 
tlie operculum. Prisogastcr mcleani exliibits considerable 
variation in spiral ornamentation, with specimens from 
the same horizons being alternath eh densely sculptured 
with 15 spiral cords (Figures 24, 30), moderatety sculp¬ 
tured with eight primaiy and two secondan cords (Fig¬ 
ure 26), and liglitly sculptured with ten subdued cords 
that barely rise abo\e the neighboring wide interspaces 
(Figui'es 31, 32). Some Miocene and lowv^r Pliocene ju- 
\enile specimens (Figures 28) ha\'e a pronounced bian- 
giilate ])rofile produced by tw’o strong primaiy spiral 
cords posterior to tlie suture, a feature sliared \vith ju¬ 
veniles of many turbiniue species (Hickman and 
McLean, 1990). 

The oldest specimens of Prisogastcr nirlcani wore 
found near Alto Grande (D\" 571-1) in middle upper 
.Miocene btals with an estimated age of about 9 Ma 
(Mnizon and DeVries, 1985). Lower Pliocene s]X"cimens 
from Sacaco (D\^ 380-2) and Yauca (D\^ 1598-1, DY 
1635-D are identical with the Mioccme .specimens. 

DISCUSSION 

The c^xtant Prisogastcr nigcr, wliicli apj’iearcd aliont Lvo 
millicm yt'ars ago, has changed little in cither its pattern 


of low^ rounded sjriral cords or its uniformly puq)le-black 
color. Prisogastcr mcleani^ in contrast, resident on soutli- 
ern Perurian coasts from 9 Ma to 3 Ma, has highly vari¬ 
able spiral sculpture and coloration. Some specimens 
(Figures 24, 28, 30) e.xliibit the high spires, impressed 
sutures, numerous primaiy spiial cords, and bicarinate 
juvenile wLorls that characterize many members of Tur- 
bininae. These similarities strengtlien the case of Hick¬ 
man and McLean (1990) that Pilsogasterinae and Tur- 
l:)ininae are sister taxa and that Prisogastcr arose from an 
advanced turbiniue. 

Prisogastcr probably appeared in soutliern Peru dur¬ 
ing tlie early late Miocene, since no turbinines have been 
found in middle Miocene or older beds in soutlK'rn Peru. 
Its arrival coincided with that of otlier taxa tliat consti¬ 
tuted tlie core of a late Miocene-early Pliocene niollus- 
can fauna in southern Peni and nortliern Cliile (DeVries, 
2002). The route by wliicli Prisogastcr or its predecessor 
anlyed in Peru is unclear. No medium-sized or large 
turbinids are knowai from Miocene deposits of Chile 
(Philippi, 1887; Tavera, 1979; Nielsen et ah, 2004). The 
onh' Miocene turbinid from northern Peru (Spieker, 
1922) is probably related to twx) northern Perurian Pie- 
cent species of Turbo (Tacniaturbo) Gray, 1850; the 
modern species have opercula with strong and complex 
external spiral relief veiy unlike the sculpture on the 
opercula of lossil and Recent species oi Prisogastcr. The 
jmstiilose com ex opercula and multipartite columellae of 
some species o{'Turbo (Marmarostonia) Swmnson, 1829, 
do resemble those of Prisogastcr, althougli opercula of 
the former are more broadl)’ convex and not scored by 
diagonal groox es, and the columellae of the shell do not 
ha\'e a w^ell differentiated ridge and groo\'e structure to- 
Wcird tlie perimeter of the columellar area. Modern spe¬ 
cies of Turbo (Mannarostoiua) lun^e an Indo-Pacific dis¬ 
tribution, suggesting that Prisogastcr might l)e a trans¬ 
pacific immigrant, as other W'estern American taxa have 
been (Emerson, 1978), including, it appears, the trochid 
species, Diloma nigcrrima (Gmeliu, 1791) (Donald et ah, 
2005). 

The transition from the globose tan-colored and 
browai-mottled Prisogastcr mcleani to the axially com¬ 
pressed puiple-black F. nigcr occurred during the time 
represented by Units 11 and 111 of tlie Iluacllaco section 
(Figure 3), i.e., latest early Pliocene to late Pliocene, in 
the guise of F. valcnciai. Tlie oldest specimen of F. va- 
lenciai (Figures 18, 22; D^^ 1254-Bal 6) show^ the first 
a]:)pearance ol broad black spiral cfirds and tlie persis¬ 
tence ol thin cream-colored interspaces, the latter of 
whicli become relegated to spire wdiorls on the N oungest 
specimens (Figure 15; DV 1254-Bal 10). 

4 he late Pliocene apjiLXirance ol a purple-black extei - 
nal calcitic ku er in Prisogastcr is an odd ewrnt that none- 
tlu'less is repeated in w^estern South Amc'ricaii Diloina 
iTiiliiipi, 1845 (Marinco^ich, 1973; NicYsen, 2003). The 
significance oi tliese pmple-lilack outer la\ ers in (Ouater- 
naiy turbinids and wystei'u South American trocliids 
[Mioccne-Plioceiu' imdesci’ibcd specie's oi'Tcgula (Clilo- 






T. J. IXA rios, 2()()6 


Pa^e 147 


roshnnn) Swainsoii, 1840; Tcgiila {Clilorosfonia) (lira 
(Lesson, 1830); T. (C.) hiciiiosa (d’Orbignw 1841); T. 
(C.) tndcntata (Potiez and Mieliand. 1838); and, inc ipi- 
ently, in T. (C.) cfuadricostafa (Gra\’, 1828)]. as \^’eIi as 
trochoids from mid- and iiigh-latitiide nortliern Paeilic 
and South Airic^an shorelines, merits finlliei iinestiga- 
tion, 

Oc'enrrenees of most modern and PlcastoceiK^ speci¬ 
mens of Priso^a.ster ai^er dvc consistent with a liiglj- 
energ\' inteiiidal and shallow snl>tidal habitat wltli roc’k- 
and-gravel substrates (e.g., DtA'ries colk^etioii, Ib'cent, 
jm'eiiiles, caght meters deep, northern Chile; DV 720-1, 
Holocene, grawd beach ridge, nortluan l\'rn; DX 1029- 
1, upper Pliocene. 250 m maniu^ terrace, southern P(mmi). 
'rhe same is true lor iippt'r Pliocaaic oceurnmees of 
specimens ol F. ralcuciai. which art' foniitl in luoclastic 
coiu'se-grained sandstones and gra\t4 depositt'd witliin 
150 uieters of a mountainous paleo-shortdine. hi con¬ 
trast, specimens ot the older P. vu'Jeani are found in 
well-sorted hnminockA^ cross-bedded sandstones with 
shell bai^ks of large venerid bi\ al\'es, as \vell as bioclastie 
sand\' gra\ els, suggesting that the habitat of the late Mio- 
eene-earh' Pliocene species also included loreshore en- 
\ironments with lower energies than Apical for inteiiidal 
enxironments. 

The late Pliocene w as a time of rnoipliological luwelt)' 
for Mio-Pliocene ta\a in Peru otlic'r tliaii Phso^asier. 
Acaatliina Fischer \ ()n Waldheim. 1807 (De\hies, 2003), 
Coiwliolepas LainarcF, 1799 (DeNiies, 2000), Xautho- 
chorus Fischer, 1884 (I4e\hies, 2005a), and Tc^iila Les¬ 
son. 1835 (De\iies, unpublished data). Itwi\s dining this 
time that the mollusean fauna of the Mio-Pliocene Pe¬ 
rmian Faunal Proxince w'as undergoing tlie second 
phase of a local species-level mass extinction (DeVries, 
2001) tliat coincided or at least oxeiiapped witli in¬ 
creased rates of tectonic iiphft in noiihern and southern 
Peni (DeNiies, 1986, 1988; Oiilieb et ah, 1995) and the 
transpoii of greater quantities ol grax el and rounded 
cobbles of Andean andesitic rock to the southern Peni- 
\ian coast {DeNhies, 2003). 


CONCLUSlOX 

With the discoveiT of Avo new^ fossil species in soiitlieni 
Peni. the “enigmatic" turbinid Prisogaster now^ has a 
pedigree extending back to the middle late Miocene. 
M iocene and earK Pliocene specimens witli turbinine 
feaAires suggest Prisogastcr did aiise from a middle Mio¬ 
cene species of Titrljo. a possibiliA raised In* Hickman 
and McLean (1990). The place from which Phsogastcr or 
its turbinine ancestor immigrated is uncertain, but based 
on some sirnilaiiA' in kev characters with some species of 
Turbo {Mannarosfoma). the Indo-Pacific region seems 
as likelv as the Magellanic or Panamic regions. The Priso- 
gaster shell underwent a rapid transformation during the 
late Pliocene, including an axial compression, a strcaim- 
lining of suAiral contacts, a thickening of the shell, a 
broadening and smoothing of piimaiy spiral cords, and 


tlie d«'\’elo|)menl ol a pnrple-lilack outer shell laxer. 
8ome of thc'se changes iniglit be constnual to have im- 
proxed the strength of Prisogastcr shells to more sne- 
cesshillx xxitlistand attacks from claxxed predators, xxiuch 
sc'cm to hax'e been a common lia/ard for indixiduals of P. 
nirlcani (see Fignnes 20, 24, 30, 31). Altcnaiatwely, a 
strongc'i* and more stalile shell max' liaxe enabled indi¬ 
xiduals of P. viigcr to siinixe on rockier, higher-energ)c 
intertidal substrates. Such enxironments became the 
norm lor coastal Pern xxiicn much of the coast c‘om- 
menced a 200 m uplift during the latest Pliocene and 
protected embax'inents became fexver and much smaller 
(De\ rices, 2001). 

ACKNOWLFDCiMFXTS 

1 xxamld like to thank M. Urbina, H. Salas, and \1. Stucchi 
of the Departamento de Paleontologia dc' Witebrados, 
\\ iiseo de Histenia Natural, Unixersidad Xacional Mayor 
de San Marcos, in Lima, Pern, lor their hospitaliA’ and 
help in the laboratoiy and field. Helpful suggestions for 
improxing the manusenpt xx’ere offered by C. Hickman 
and S. Nielsen. Supj^oii for Held research xvas proxided 
in part lyx’ a Fulbiiglit scholarship in 1999. 

PxFFFHENCES 

Alamo \'., \\ and V. \^aldixicso M. 1997. Lista sistematica de 
moliiscns juannos del Peru. Iiistitiito del Mar del Pc'ni, 
Callao, 183 pp. 

Aldea, C. and C. \^aldo\inos. 2005. Molnscos del intermarecil 
roeoso del centro-snr de Chile (36'^-3S'^S): Taxcmoinia x 
claxe de idc'iitificacicjn. Caxana 69(2): 364-396. 

Carcelles, A. K. and S. Ailliainson. 1951. Catalogo de los mo- 
Inscos inarinos de la proxineia Magallaniea. Itexista del 
Institnto de Investigaciones Ciencias Xatiirales, Ciencias 
Zookigieas 2(5): 225-383. 

Dali, W H 1909. Notes on the relations of the molhiscan fauna 
of the P(a*uxian zoological proxince. The Amencan Natu¬ 
ralist 43; 532-541. 

14ell, h. K. 1971. The marine Mollusca of the Royal Societx 
{'xpedition to soutliern Chile. 1958-59. Records ol the 
Doininioji Museum 7(17): 155-233. 
l)e\iies, T ). 1986. The geologx’ and paleontologx’ ol tahlazos 
in norilixxest Peni. Doctoral di.sseiiation. The Oliio State 
UnixersiA, Columbus, Ohio, 964 pp. 

DeNiies, T. J. 1988. The geologx of marine terraces (tahlazos) 
of Xoilhxxesl Peni. )onnial of South American Earth Sci¬ 
ences 1(2); 121-136. 

]4e\5ies, T. |. 1998. Oligocene deposition and Cenozoic se- 
quencc' boundaries m the Pisco Basin (Pern). |ournal of 
South American Earth Sciences II; 217-231. 
l^e\5ies, T. J. 2009. Txxo nexv Xeogene species and the exolu- 
tion ol lalnal teeth in Conciwicpas Lamarck, 1801 (Neo¬ 
gastropoda: Muricoidea). The \'eliger 43: 43-50. 

De\'ries, T. |. 2001. ((Contrasting jxittenis of Idiocene and Pleis¬ 
tocene c'xtinctions of marine mollusks in western North 
and Soutli America. (Geological SocieA' of .\merica. .\b- 
stracts xxith IVograms 33(3); A-35. 

DcAhies, T. J 2002. Patterns of dix'crsity in Cenozoic marine 





Page 148 


THE NAUTILUS, VoL ]2(), No. 4 


niollusks from the Permian Pro\ince. Geological Societ)' 
of America, Abstracts with Programs 34(5); A-39. 

DeVries, T. J. 2003. Acanthlna Fisclier von W aldheim, I SO? 
(Gastropoda; Mnricidae), an ocenebrine genus endemic to 
Soutli America. The X’eliger 46: 332-350. 

De\ nes, T. J. 2005a. The Late Cenozoic histon’ Xunthocho- 
nis Fischer, 1SS4 (Gastropoda: Miiiicidae) in w-estern 
Soiidi America. Tlie Wliger 47: 259-276. 

De\dies, T. ]. 2005b. Late Cenozoic Mnricidae from J^ru: 
Seven new^ species and a biogeograpliic smnmaiy. The 
\Tliger 47; 277-293. 

De\h'ies, T. J. and D. Frassinetti. 2003. Range extensions and 
biogeographic implications of Chilean Xeogene mollusks 
found in i^eni. liolethi del Miiseo Xacional de llistoria 
Xatural, Chile 52: 141-157. 

DeVries, T. ). and L. F. Wails. 1990. ThennalK-anomalous Ho¬ 
locene mollnscan ass(Mnblages from coastal IVrn: evidence 
for piileoge()grai)hic, not climatic change. Palaeogeogra- 
phv, Palaeociimatolog\\ Palaeoecolog)'8J: lJ-32. 

Donald, K. M., M. Kennedy, and II. G. Speiicer. 2005. Cla- 
dogensis as the result of long-distance rafting e\ents in 
South Pacific topsluils (Gastropoda, Trochidae). E\olu- 
tion 59; 1701-1711. 

d*Orbigny, A. D IS34-1S47. \7)\age dans rAmc‘ri(jne mmio- 
dionale. Mollusqnes, Vol. 5(3), 75S pp., \7)1. 9 (Atlas) Mol- 
hisques. Pitois-l.cvranlt, Paris. 

Emerson, Wf K. 1978. Mollusks with Indo-Pacific faunal affini¬ 
ties in tlie eastern Pacific Ocean. The Nautilus 92; 91-96. 

Forcelli, D. O. 2000, Moluscos Magellanicos: (aiia de Molus- 
cos de Patagonia v Sur de Chile. \7\z(juez Mazzini Kdi- 
tores, Buenos Aires, Argentina, 200 pp, 

Craw }. E. 1839. Molluscous animals and their shells. In; F. W". 
Beechy (ed.). The zoolog}' of Captain Bee(iie\ ‘s vo\-age; 
compiled from tlie collections and notes made b}' Captain 
Beechew the officers and naturalist of the' expedition, dur¬ 
ing a vovage to tlie IWeific and Behring s Straits performed 
in His Majesh's sliip Blossu.m. 11. C. Bolm, London, 180 

pp. 

Gnzman, X., S. Saa, and L. Oitlieb. 1998. Catalogo desciiptho 
de los moluscos litorales (Gastropoda ) Pelecapoda) de la 
zona de AntoHgasta, 23°S (Chile). Estudios Cceanologicos 
17: 17-86. 

Herm, D. 1969. Marines Pliozan und Pleistoziln in Xord- imd 
Mittel-Chile miter liesonderer Beriicksichtignng der En- 
twicklimg der MolhisEm-Faunen. Zittc liana 2: 1-159. 

Hickman, C. S. and ). IL McLiam. 1990. S)stcinatic riwision 
and suprageneric classification of trochac'can gastropods. 
Science Series, Xatural llistoiy Museum of Los Angeles 
Counri' 35, 169 pp. 

Hiipc, II. 1854. .Malacok)gia \ comjuiliogia. In: CaN (ed ), 

llistoria fisica y politica de Cliile, \7)1. 8 and Atlas (Zoo 
logica). Mankle et Renou, Paris, 499 pp. 

Knight-'J. B., L. R. Cox, A. M Keen, R. L. Batten, E. L. Vochel- 
son, and R. Robertson. 1960. S\stematic descriptions [Ar- 
chaeogastropoda]. In; R. C. Moore (ed.), Treati.se on In¬ 
vertebrate I’aleontolog)'. Part 1. .Mollusca. Ca'ological 
.Societv’of America and Kansas Unixersitv Pnxss 1: 169- 
310. 

.Marincovich. I.. |r. 1973. Inteiiidal mollusks of Iqnique, Cdiile. 
Natural Iliston' Museum Los Angeles (a)nnt\. Science 
Bulletin 16, 49 pp. 

Mcirch. O. 1850. ('atalogus conchvliornm (juae relirjuit 

(;. P. Kienilf .Ml). DR Copenliagen. 33 pp. 

Mui/on. (7, de and T. ). DeX'ries. 1985, (k'ologv and paleon- 


tologx’ of the Pisco Formation in the area of Sacaco, Peru, 
(ieologische Rundschau 74. 547-563. 

Nicosia. W’. and M. Gaete. 2003. (4ase Mollusca. Lista prelimi- 
nar de los molu.seos de la Priniera Region de (ihilc. 
Apuntes de Zoologia, Unixersidad Arturo Prat (hjiiique, 
Chile), 15 pp. 

Nielsen, S. N., D. Frassinetti and K. Bandel. 2004. Miocene 
N etigastropoda and Neiitomoipha (Mollusca, Gastropoda) 
of central Chile. Joumal of South American Earth Science 
17(1): 73-88. 

Ortlieb, L., B. Ghaleb, C. ! lillaire-Marcel, ]. L. Gox’, |. ,Ma- 
chare, C. Zazo, and R. Thiele. 1995. Quaternan xertical 
dclormation along the soiitheiai Peru-northern Chile 
coast: marine terrace data. INUUA Xl\" International 
Congress, Berlin, p. 205. 

Osorio, C7, J. Atria, and S. Mann. 1979. Moluscos marinos de 
iinportancia economica en Cliile, Biologia Pesquera 
(Chile) 1 I; 3-47. 

Philippi, R. A. 1887. Los fosikxs terciarios i cuartarios de Chile. 

Brockhaus, Leipzig, Ciermanx', 312 pp, 

Ramirez B., |. 1981. xMoluscos de (Tile. 1; Archeogastropoda. 
Mn.seo Nacional de llistoria Natural, Santiago, Chile, 149 

pp. 

Soiilexet, I.. F. 1852. Mollusqnes. In; [. F, Exdonx and 
L. F. A. Soiileyet (ed.), \'oxage aiitour du monde, execute 
jicmdant les annees 1836 et 1837 sur la conette L.\ Bonite 
cominandee par M. N aliant Ciapitaine de xaisseau. Zoolo- 
gie, \V)1. 2. A, Bertrand, Paris, 664 pp. 

Spiekc'r, E. M. 1922. The paleontologx' of the Zorritos Forma¬ 
tion ol the north Peruxian oil fields. Johns Hopkins Uui- 
xersitv Studies in Geologx' 3: 197 pp. 

4\ixera, j. 1979. Estratigrafia x paleontologia de la Formaciihi 
Naxidad. Proxincia de (iolchagua, Cihile (Lat. dO"" 50' S). 
Mn.seo Nacional de llistoria Natural (Santiago, Chile) Bo- 
l(*thi 36; 176 pp. 

Tliiele, J. 1929. Handbuch der S)'stematischen ^^Tich- 
tierkimde. Vol. 1. G. Fischer, |ena, 778 pp. 

Troschel, F. H. 1852. \'erzeichiiess der durch Herni. Dr. x. 
Tscinidi in Peru gtsammelten conchylien. Archix fiir 
Naturge.sichte 18(1): 151-208, 

N aldoxinos, (4 1999. Biodix ersidad de moluscos chilenos: ba.se 
de datos taxonomica x distribucional. Gaxana Zoologica 
63:111-164 

W enz, . 1938-1944. Gastropoda. Part 1. Allemeiner Teil imd 
I’rosolnanchia. In: O. 11. Schiiidexxolf (ed.), Hanilbiich der 
Palaozoologie, xol. 6, Gebriider Borntraeger, Berlin, 1639 

pp. 

\W)od, W'. 1828, Supplement to tlu' Index Testaceologiciis; or, 
A Catalogue of Sh(‘lls, Biitish and foreign, arranged ac¬ 
cording to the Linnean sx stem. London, 59 pp. 

APPENDIX 
Localih -.saniplt's: 

14\^ 380-2 Sacaco, in cross-1 >c(ldc(l .sand.stones just Ix^- 
loxv faniihonsc, 15432'29" S, 74°43h53" W^ (Acari 1: 
100,000 ijnadrangle), Loxxcr Pliocciua 

Ii)\C308-l Pla)'a Canastoncs, Bahfa de la Indepcmden- 
cia. Pin'll ( Puiita Grande 1:100,000 (|nadrangle), Kecemt. 

I)\' 423-1 Terrace dej^iosit c‘a|)ping Miocene strata 
w est of (dnehrada 1 luaricangana, 14 '55'29" .8, 75 17'54" 
\V (Palpa 1:100,000 f|uadrangle)^ Pliocene. 

100-1 Roadciit along Ikinainerican lUgbxxnx*, de- 
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seent frem noith into Yaiiea. Shell Ih'cIs, 15®39'4ty' S, 
74°31'50" i^Yaiu'a l:100,()00 (jiiaclranghe), Powcm 
PlioecMie (same as 1)\' 159S-lh 

D\^ 401-1 lliglu\st marine t('rrace about fiw km north 
ol C4iala, lYa'ii, n[ipennost Plioceiu'/lowermost Pk'isto- 
eene. 

463-1 Power terrace, 5 km north ofChala (C4iala 
PI00,000 (jiuulrangleh upper Pleistoeeiu'. 

D^ 464-1 \li(l-lc'\'t4 marine tt'rraee, li\e km north ot 
(1iala ((ihala 1:100.000 (|naclrangle), micldk' ldeistoceiu\ 
DV 571-1 Alto Ch'aiicke about one km south ol intca- 
section with abancloiu'cl pa\'e(l road to San |nan tk’ 
Marc'ona, on sonth-tac'ing hillside wt'st ol Ikmamerican 
llighwa\': oii(‘ of scweral sludl banks, 15°26h57" S, 
74°524)6'' \\"(Acarf I; 100,000 (jnadrangkO, middle' nppe*r 
Mioca'iu'. 

11\ 573-1 Sacaco, shell banks and eross-be'clded sand- 
stovie jnst below’ level ol larinhonse {Acarf i:10(),000 
([iiadrangle), lowea' Pliocene. 

\^y 720-1 Paste'ni major cobble ridge near Santa pa- 
leo-lagoon, northern Pern (see De^Nhacs and M'ells, 
1990), Holocene. 

14\’ 730-1 BePvee]! Ceros Pimeiico and MeaUiroso, 
month of Santa paleo-lagoon, northern Pern (see 
DeN iies and WY'lls, 1990), Holocene. 

P)\' S06-1 Southwest of Qiu'brada PIsnaca, abont 1.7 
km west ol Hacienda Tiinga building, in middle of small 
natural amphitheater in hillside, highest shell bed. (Palpa 
1:100,000 quadrangle), lowta* Pliocene. 

l)\^ 1029-1 Yauca Depression, west of Pananuaican 
Higluva>, 15°39'29" S, 75°35'08" (GPS, Yanca 1: 
100,000 (|uadrangle). lower Pliocene. 

1)\^ 1031-1 Section along Panamerican Highwa}’, 
Quebrada Huambo, about ten km west-northwest of 
Chala. Roadcut along Panamerican Highw'a\', north 
fiice. 15°4S'41" S, 74°2ns" W (CPS; Chala PIOO.OOO 


(jiiadrangk'). Uppcaaiiost PlioceiK' / low’ermost Pleisto¬ 
cene. [Note: This lotailit)’ w'as mistak('nl\ ixTero'd to as 
Morro Abra d(‘ los (^Kiparriiios (the “llnacllaco section’' 
of 1)\^ 1254) in DtATies (2()05a, b).] 

D\' 1252-1 (^tnebrada ck‘ la \7ica, roadcut along Pan- 
anu'ric'an lliglnva)’, south of south w^all, uppermost ter¬ 
race abo\e non-marine deposits, 15°4S'56" S, 74°LS'50" 
((T’S; Cliala 1:100,000 (piadrangle), uppermost 
Idioeeue. 

D\’ 1254-Bal 6 S(‘ction along Ikmamerican Higinvav, 
ten km southeast ol Chala and abo\’e Plava 1 Inacllaco. 35 
meters alxne basenuait rocks in measured section (see 
Kigmv 3), 15'^53'25" S, 74°09'52" W (Cd’S; Chala 1: 
100,000 ([nachangk'), upper knvt'r Pliocene. 

D\^ 1254-RaI S Sc'ction along Pananu'rican lliglnva)’, 
tc'ii km sontlu'ast ol Chala and abox’c Pla\a Hiiac llaco. 42 
meters above basement rocks in measured section (see 
iMgmv 3). 15^53'25" S, 74^09'52" W' ((iPS; Chala 1: 
100,000 <|nadrangle). U])per Pliocene'. 

D\^ 1254-Bal 10 Section along Panamerican Highwa\', 
ten km southeast ol Chala and above Playa 1 Inacllaco. 
47.5 meters above basement rocks in measured section 
(see Figure 3), 15°53'25" S, 74°09'52" (CPS; Chala 
1:100,000 (jiiadrangle), upper Pliocene. 

D\^ 159S-1 Roadcut along Panamerican Higlnvaw de¬ 
scent Irom noitli into Yauca. Shell Ix'ds. 15°39'49” S, 
74°3r50" \V (Yanca 1:100,000 quadrangle), low^er 
Pliocene. 

D\' 1629-1 Sectif)!! abo\’t' Pkna 1 Inacllaco, ten kan 
southeast of Chala, uppermost co(|uina beds (Unit 1\5 
see Figure 3), 15°52'47" S, 74H0H3" (CPS; Chala 
1:100,000 (|nadrangle). Uppernujst Plioct‘ne/k>wx'rmost 
Pleistocene. 

D\^ 1635-1 Yauca Depression, w’est ol Panamerican 
Highway. 15°39'33" S, 75°34'54" W’ (C;PS, Yauca 1: 
] 00,000 <juadrangle), low’er Pliocene. 









